Abstract -In this paper, we consider a real time regulation of traffic within a disturbed transportation networks. We aim to find a new schedule for transit system of buses after the detection of a disturbance at a given time. The main objective is to minimize waiting time of transferring and non-transferring passengers at stations. This problem was already studied with evolutionary approach and multi-agents techniques in the case of unlimited buses capacities. In case there is of a limited bus capacity, the problem becomes difficult to solve. In this paper, we will present an approach using genetic algorithms to solve this problem.
INTRODUCTION
In public transport system, providing a reliable service is the main objective of operation managers. Reliable services are such as timetables, minimum passengers' waiting times and short travel time. The great difficulty, which is related to traffic management of public transport system is associated with the respect of the planned arrival and departure time of buses at different stations in the network. In fact, many disturbances can occur and affect the planned arrival and departure time and also affect the passengers' waiting time, the transit operations, and the duration of different trips on the buses. So to reduce effects of disturbances, the initial schedules have to be adapted to real time conditions of the traffic. This adaptation is in fact, called real time control strategies.
Real time control strategies are designed to enhance the system's ability to remedy specific problem as they occur [BOR, 03] . These strategies could be divided into two categories: -Station control; -Deadheading and adding reserve bus. The first category, station control, includes delaying strategies (holding strategies), and stop-skipping strategies. These strategies are the most popular and frequently used by public transit operators to reduce passengers' waiting time.
Holding strategies are used to delay bus movement, when a bus is ahead of the schedule. Holding strategies could not only reduce the headway variance and the average waiting time of passengers, but also increase inbus time of passengers and bus travel time.
Stop-skipping strategies aim to reduce travel time of the bus of interest. This would reduce the waiting time for passengers in-bus. However, this might increase the INPG, BP 46 -38402 Saint-Martin d'Heres, France. waiting time for passengers at skipped station and those who are requested by the driver to alight at a given station to wait for the next bus in service.
The second category includes deadheading and adding reserve buses strategies.
A deadheading bus strategies are the one having a bus that usually depart empty from a dispatching terminal point to a designated station, skipping stations between the dispatching terminal point and the designated station. This strategy could reduce both passengers' waiting time at the station beyond skipped ones, and the headway irregularity in the network.
Adding reserve buses strategies are useful when there are unexpected interruptions in the networks (traffic jam, accident, etc). Adding reserve buses to a service can reduce passengers' waiting time, and prevent headway irregularity in the network, but it might inflict additional costs on Transport Company.
Among the strategies surveyed above, holding strategies are the focus of this paper for rescheduling problem. In this paper, holding strategies use the mathematical programming models with holding time as decision variables and passengers' waiting time as the objective function to be minimized.
References [BOR, 03] , [FAY, 03] formulated an aggregation of three criteria representing the total travel time, total waiting time, and total transfer time. This aggregation relies on weight parameters representing the relative importance of the criteria according to the disturbances and the regulator objectives. To solve this aggregation, an evolutionary approach was used.
In their solution, the rescheduling problem was dealt first with finding new routes assigned to the different buses and then the schedules that satisfy different constraints. Reference [DRI, 04] described a new hybrid evolutionary approach that aims to assist regulator of traffic in their decision to make the balance of benefits optimal for the operator and passengers. In this study, the problem is again formulated and introduced with the waiting time of passengers who were left behind at stations by bus, that is similar to the one defined by [BOR, 03] , [FAY, 03] . This paper also presents a mathematical model for the rescheduling problem, which is applicable to bus transit operations in the urban. The model presented in this paper could be viewed as an extension to that of [BOR, 03] , [FAY, 03] 
PROBLEM STATEMENT
The problem considered herein investigates a strategy that could be applied to reschedule an operation of B buses on a specified line with S stations.
It is assumed that at a given moment, disturbances occur in the network and affect buses at the stations of a certain line. Consequently, theoretical schedules cannot be followed exactly, that compels trips to start late and makes passengers to wait longer. Therefore, to reduce effects of the disturbances, the theoretical schedules have to be adapted to real traffic conditions through rescheduling tasks. Consequently, it will reduce the waiting time of passengers by under taking operational decisions, such as holding, skipping, etc.
Presently, it is a regulator, who performs these real time tasks and controls the urban network traffic by treating a real time of passenger information system and automatic bus location system. This information includes: In the above formulation, the variable y /M is binary, taking one or zero, this makes the search space discrete. Otherwise, the objective functions and the constraints (8) (1 0) make the formulation (5) become nonlinear. Thus, the real time of bus routing and scheduling problem is inadequate to solve with classical methods [BOR, 03] , [FAY, 03] . For this reason, we have studied a genetic approach, developed in section 4, to solve the problem.
APPROACH GENETIC ALGORITHMS(GA) 3.3. Formulation
The objective of this model is to reduce the effect of disturbance on passengers' waiting time and transfer time in bus transit network. The question of this paper attempts to answer is which bus has to be held at station or has to be accelerated in order to minimize the total waiting time. Then the mathematical programming problem could be presented as: [FAY, 03] , but it will be the same as the solution timetables of buses.
In [DRI, 04] , [FAY, 03] , the authors utilised the departure time as the decision variable, and considered the theoretical timetable as the departure time of buses at stations. In reality, the theoretical timetable is arrival times of buses at stations. These types of coding have the inconvenience of a reduced exploitation of the search space.
In this paper, we present a new coding, which enhances the exploration of the search space. The solution of this rescheduling problem deals with finding the new schedules that satisfy different constraint.
The rescheduling problem has three decision variables such as arrival time, departure time and transfer variable.
We present each variable at each station for each line with substring. In this coding, arrival time, and departure time are recalculated (13), (14), based on the duration, between bus i and I -1, the duration for passengers boarding and alighting, with an initial condition tdo = 0 Ii ta / = tdl/-+ h tdl = tal +Taandesl + rb (jUhU -nrt6/) Mutation is a genetic operator used to maintain genetic diversity from one generation of a population of chromosomes to the next. It will be carried out depending on the mutation probability Pm In this paper we usepm = 0.005.
The algorithm was coded in Visual C 6.0 and implemented on a Pentium M with 1.7GHz CPU.
SIMULATION RESULTS

Illustrative Example
Consider a branch of bus network at Grenoble in France, composed of N = 2 lines (Fig. 3) .
Finally, we concatenate all variables for other lines together to get complete string. Tables l(a) and l(b) After the disturbance, the disturbed timetable is shown in Table 3 . Table 2 . The application of one of the solutions given by our GA is illustrated in Table 7 , and the detail of objective function value is illustrated in Table 6 . In this solution, decision which will be applied to buses BA2 and B 2 are both in delay (holding) and accelerating, with the respect of constraints (dark shading areas). We notice that, instead of wait for a next bus for transferring, bus B 2 is held 7 minutes at station S2,3.
The detail of objective function value is illustrated in Table 6 . The objective function, which computes the total waiting time for all passengers non-transferring and transferring at any stations, has a value of 17445 minutes in case of disturbances. It indicates that, if the regulator does nothing, the expected total waiting time for all passengers will increase by 5224 minutes (17445-12221=5224). (1)+ (2) and to develop other control strategies (Stop-skipping, adding a reserve bus ... ), the presentation of other mode of transport (Tramway, Metro ...).
